Main agri-environmental public goods targeted in the Netherlands . 
Executive summary
This study presents an overview of current policy measures for agrienvironmental public goods in the Netherlands. It is one of the first studies which synthesises a broad range of agri-environmental policies and agri-environmental public goods in the Netherlands.
The main agri-environmental public goods targeted by Dutch policy belong to one of nine broad categories: agricultural landscapes, biodiversity, water quality, water availability, soil protection and quality, air quality, carbon storage, greenhouse gas emissions and resilience to flooding. Agricultural landscapes and biodiversity are of great importance to Dutch citizens as it reflects their cultural identity, recreational needs, and other associated ecosystem services such as the provision of drinking water. The quality and availability of water are managed by a series of micro-level regulations of water tables. Other public goods affected by agriculture includes soil quality, upon which most of Dutch agricultural production relies. Good air quality and a stable climate are also public goods associated with agriculture. A wide range of agricultural practices can promote carbon storage and reduce greenhouse gas emissions. Agriculture can contribute to the resilience against flooding by its water retention capacity.
Most agri-environmental public goods are jointly produced with agricultural activities aimed at food production. However, some farming systems and agricultural practices produce more agri-environmental public goods than others. When "joint production" does not provide the desired levels and quality of public goods, other mechanisms, including policy instruments, are needed.
Legitimate government interference occurs only where there is a market failure that causes serious under provision of public goods. Although the Dutch Social and Economic Council provided a logical framework to identify these market failures, in practice it has proven to be very difficult to derive correct demand curves for agrienvironmental public goods. Public opinion polls, such as the Euro-barometer, are limited in their accuracy to measure the demands, but they can be used by policy makers to test whether agri-environmental issues have public values or not. On the supply side, recent trends in the provision of agri-environmental public goods show an improvement for some goods such as water and air quality and greenhouse gas emissions, while other public goods such as landscapes, biodiversity and soil quality show a further decline.
In the Netherlands, a framework for environmental reference levels and targets is enshrined in legislation or in standards of good agricultural practice. Not all agrienvironmental public goods, however, have clear reference levels and environmental targets. The costs associated with the provision of agri-environmental public goods need to be reviewed.
Dutch policy with respect to agri-environmental public goods is strongly rooted within the European legislative framework and common agricultural policy.
Introduction
The Dutch primary agricultural sector is highly intensive in terms of inputs of labour and capital per hectare, and which is reflected in the Netherlands having the highest arable land prices in Europe (around EUR 50 000 per hectare). The percentage of Utilized Agricultural Area (UAA) is also relatively high -57% as compared to 36% on average in OECD countries (OECD, 2013a) -with the result that agriculture seriously impacts on the quality of the environment. Not only are landscapes highly influenced by agriculture, but also other land use types such as recreational areas and nature reserves. While in the past decades government policies have increased the size of these latter areas at the expense of agricultural land use, air and water continue to be affected by nearby agricultural holdings.
Dutch agriculture has both positive and negative impacts on the environment. Positive impacts include its influence on agricultural landscape, biodiversity and water security, most of which are associated with extensive farming practices that have become exceptions in the Netherlands. The negative impacts include emissions of ammonia, pollution of surface waters and draining of nearby nature reserves, most of which are associated with high intensive farming systems, such as intensive livestock systems and greenhouse horticulture that are common in the Netherlands. Most of the environmental impacts associated with agriculture have the characteristics of public goods, i.e. nonexcludability and non-rivalry. 1 In response, the Netherlands has implemented various agri-environmental policies, including strict spatial regulations to deal with its population density located, for the most part, on fertile delta soils. With respect to the broader issue of agri-environmental public goods, most Dutch policies are embedded within various European frameworks (directives, regulations and communications).
Ensuring the provision of agri-environmental public goods is generally seen as a government task (e.g. SER, 2008) , although knowing what the desired levels of provision should be remains a problem. In the absence of functional markets, and therefore price information, there is no basis for setting the quantities that would be preferred by the Dutch. In addition, research covering the whole range of agri-environmental policies is scarce. For this reason, this paper addresses regulations and payments that target various kinds of agri-environmental public goods.
The following questions are addressed.
 Which agri-environmental public goods do Dutch policies target?
 How are these agri-environmental public goods provided for in the Dutch agricultural system?  Does supply meet demand, i.e. does market failure associated with agrienvironmental public goods exist?
 Where market failure exists, who should bear the costs for providing agrienvironmental public goods? To what extent should farmers bear the costs of providing agri-environmental public goods, and to what extent should society bear the costs? How does the Netherlands set agri-environmental targets and reference levels?
 What agri-environmental policy measures are implemented for agrienvironmental public goods in the Netherlands and which policy measures target which agri-environmental public goods?
This paper is organised as follows. Section 2 summarises the main agri-environmental public goods targeted in the Netherlands. Section 3 discusses the provision mechanisms of these public goods. Section 4 examines the market failure of these goods. Section 5 provides a reference level framework in the Netherlands to identify to what extent costs should be borne by farmers or by society. Section 6 shows how Dutch agri-environmental policies are organised. Finally, Section 7 concludes the discussion.
Agri-environmental public goods targeted in the Netherlands
Agri-environmental public goods are firmly rooted in the EU Common Agricultural Policy (CAP). Agenda 2000 divided the CAP into two pillars: Pillar 1 for production support and Pillar 2 for rural development. In 2003, Pillar 1 support was decoupled from production with the introduction of the Single Payment Scheme (SPS), which in turn became subject to cross compliance conditions relating to environmental, food safety and animal welfare standards. Many of these were already either good practice recommendations or separate legal requirements regulating farm activities. 1698/2005 , although it will likely be revised in the near future in line with recent political agreement on CAP 2014 -2020 No 1257/1999 outlines the criteria for support to agri-environment measures that go beyond "good agricultural practice." In the Netherlands, the measurements taken by farmers include meadow bird protection and transition to organic farming. This regulation targets positive impacts from agriculture (public goods).
The current rural development regulation is Commission Regulation (EC) No

Commission Regulation (EC) No 73/2009
describes good agricultural practice standards through a series of reference levels for the cross compliance rules. This regulation targets the negative impacts from agriculture ("public bads").
In 2008 the Dutch administration issued a so-called "charcoal sketch" for the EU Common Agricultural Policy (MLNV, 2008) . The government envisioned a shift in support to agriculture based on added value of services to society, instead of historical rights based on production levels. The Dutch agenda for the CAP was built on two policy documents which addressed the various agri-environmental policies of the Netherlands. First, the Council for the Environment and Infrastructure (member of the European Environment and Sustainable Development Advisory Councils, EEAC) suggested that the legitimacy of the future CAP lies within protecting public interests in the environment, landscape and animal welfare in an effective and efficient way through targeted payments and an integrated areal approach (RLG, 2007) . Secondly, the Social and Economic Council advised the Dutch government (SER, 2008) to target only public goods that could not be sufficiently supplied without collective action. The Social and Economic Council specifically mentioned a list of environmental and social public goods associated with agriculture. Narrowed down to agri-environmental public goods, nine broad classes are targeted in the Netherlands (Table 1) . 23 It is important to note that these nine goods are not always public goods, i.e. non-excludable and non-rival, but can be private goods (e.g. soil quality that affects only one farm). It is therefore important to examine each case individually to determine whether the characteristics inherent to public goods are present. Agricultural landscapes and biodiversity are of great importance to Dutch citizens as it reflects their cultural identity, their recreational needs, and other ecosystem services such as the provision of drinking water. Most biodiversity in the Netherlands is related to past agricultural practices. At the beginning of the 20 th century, most of the country consisted of so-called semi-natural habitats, created and used by humans. These habitats included heathlands and marches, bio diverse grasslands, tree hedgerows and permanent rye culture. Due to modern agricultural practices, only a small percentage of the former rich habitats remain and have been largely purchased by the government and protected as nature reserves (Box 1). Other areas are still officially farmland and counted as UAA, but may appear in inventories of High Nature Value (HNV) Farmland (Van Doorn and Elbersen, 2012) . However, the distinction between HNV Farmland and nature reserves can be artificial because farmers are increasingly involved in the management of agricultural habitats in nature reserves, and land owned by farmers can have a "nature" zoning status. This makes both farming and policy making complex.
The Dutch agricultural system has strong linkages with both water quality and availability because of the micro level regulation of the water tables in the country. Located on the delta area of the Meuse and Scheldt rivers coming from the south and the Rhine and the Ems from the east, much of the country would be flooded each year if there were no dikes. This surplus of water is a blessing because water availability for agriculture and drinking is not a big issue in the Netherlands, apart from the exceptional dry summers. However, maintaining the balance between too much or too little is a 2.
Although social public goods (e.g. rural vitality, animal welfare and food security) are important policy targets in the Netherlands, this study focuses on agri-environmental public goods. The purpose of this study is to contribute to the development of better agrienvironmental policies, and dealing with social public goods would necessitate a broader discussion beyond the field of agri-environmental policies.
3. Data in the Netherlands is collected for both reasons of international obligations and national policies. A rapid overall view of the most recent data and indicators is provided by fact sheets compiled in a compendium for the living environment. These are available only in Dutch. difficult task, especially because different (spatial) functions require different amounts of water.
Box 1. The Dutch land retirement programme for the establishment of the National Ecological Network (NEN)
During the 1970s and 1980s, there were broad discussions on the functions of agriculture and nature. Since little was left of the biodiversity richness of man-made agricultural landscapes, the question arose if modern agriculture was compatible with nature. Could those two functions be integrated or should they be separated?
In 1990, it was decided to have a bit of both worlds. The nature policy plan announced the development targets for a National Ecological Network (NEN): by the year 2015 roughly 10% (184 000 ha) of the UAA should change its main function from agriculture to nature (i.e. various semi-natural habitats as well as new wilderness areas) while another 5% (90 000 ha) of the UAA agriculture should be integrated with nature. Together with existing natural habitats, such as forests and marchlands, this would amount to a total of 728 500 ha NEN. The function change to nature should be done by land acquisition in targeted areas, first on a voluntary basis but if necessary (to acquire the last pieces in a specific area for instance) enforced through expropriation. Between 1990 and 2011, a total of 104 000 ha (56% of the original target) was established in this way. The integration of nature and agriculture on 5% of the UAA had to be established by agrienvironment schemes. In 2011, approximately 45 000 ha (50% of the original target) was contracted. The policy was revised that same year and targets were re-adjusted from 728 500 ha to 638 500 ha NEN by the year 2021.
This exceptional Dutch programme explains to a certain extent the relatively low expenditure of the Netherlands in Pillar 2 of the CAP. Other European member states spend more on payments to farmers in Less Favoured Areas (LFA). Landscape and biodiversity within the Dutch NEN carry much similarities with LFA elsewhere in the European Union. The Netherlands has chosen a strategy of land purchase and management by professional nature organisations without European co-financing. Only the part of the NEN that is still farmland and where agri-environment schemes are in force is Pillar 2 financing used. A relatively small area is designated as LFA. There is a strong overlap with areas where agri-environment schemes are in force (Terluin et al., 2008) .
In some areas, agriculture has an impact on water availability in adjacent nature reserve areas. Modern agriculture requires relatively low water tables, especially in spring when field work is planned. Low water tables in adjacent agricultural areas cause serious drought problems for nature reserves, since much of Dutch biodiversity belongs to wetter habitats that are typical to delta, riverine and moor landscapes. In addition, water quality in terms of nitrate contents is not sufficient in some regions when measured against the European standards of the EC Water Framework Directive (CBS, PBL, Wageningen UR, 2012a) . This is largely due to the relatively high nutrient loads applied on farmland. Despite recent improvements there are still surface water locations with too high concentrations of pesticides (CBS, PBL, Wageningen UR, 2012b) . Nevertheless, Dutch water companies are able to provide good drinking water to all households (CBS, PBL, Wageningen UR, 2013a).
Agriculture affects soil quality. Depending on the soil type and the type of land use, i.e. permanent grassland or arable culture, there are issues with the inappropriate use of fertilisers and pesticides, and decreasing soil organic matter content and soil compaction due to the use of heavy machinery. Soil erosion is a minor issue in the Netherlands. Water erosion occurs in parts of the hilly area near Maastricht and wind erosion can be a problem in the open arable landscape of the north-east. For the most part, soil issues can be regarded as private problems, related to unnecessary management practices and mainly affecting the land manager himself.
Good air quality and a stable climate are also public goods affected by agriculture. Odours and fine dust from livestock can reduce air quality. Larger farms in the Netherlands therefore have to adopt specific farm management practices (air cleaning techniques). Although agriculture is a net contributor of greenhouse gas emissions, a wide range of agricultural practices can promote carbon storage and reduce greenhouse gas emissions. This is particularly true for the peaty areas of the Netherlands. By adapting higher water tables, mineralisation of peat can be reduced. This would considerably reduce carbon emissions, but at the cost of higher emissions of methane and nitrous oxide (Hendriks et al., 2012a) .
Another main agri-environmental public good in the Netherlands is resilience to flooding by the water retention capacity of the agricultural area. This capacity increases with lower water tables, so there is an offset with other public goods such as biodiversity and agricultural landscape which favours higher water tables (Kleijn et al., 2009 ). However, the most cost effective method to prevent flooding of the lower part of the Netherlands lies by improving the quality of dykes (Deltares, 2011) , which are already of high standards (RIVM, 2004) .
3.
The provision mechanisms of agri-environmental public goods
Most agri-environmental public goods are jointly produced with agricultural activities aimed at food production. However, some farming systems and agricultural practices produce more agri-environmental public goods than others. When "joint production" does not provide the desired levels and quality of public goods, other mechanisms are needed. These may include policy instruments. Biodiversity and landscapes are among the main agri-environmental public goods. All agricultural systems, with the exception of greenhouse horticulture, have in common that they keep the landscape open. People prefer (half) open historic landscapes over cities and peri-urban landscapes (De Vries et al., 2007) . However, the openness of modern agricultural landscapes can go beyond the desired level, especially in agricultural areas that were traditionally half-open, such as the bocage landscape of the sandy soils in the east and south of the Netherlands. Here, the modernisation of agriculture has resulted in the enlargement of parcels and the removal of tree hedgerows; this has changed the landscape considerably. Homogenisation of the landscape has been further re-enforced by specialisation of farm enterprises, as opposed to combinations of animal husbandry and arable production which were common in the past. Farming practises have also intensified leading in general to lower biodiversity (Ozinga, 2008; Melman et al., 2013) . Extensive farming practices are still common in Europe (Opperman et al., 2012) , but scarce in the Netherlands.
To protect and wherever possible to restore the remaining "pristine" agricultural landscapes with high nature value (HNV) or high cultural heritage value, various strategies have been developed. These include partial de-intensification of a single farm, voluntary 4 land retirement by selling land to a state agency, whole farm adaptation (such as organic farming and "Farming For Nature" which aims to restore traditional low input mixed farming systems with infields and outfields (Westerink et al., 2013) , and environmentally-friendly farming through agri-environmental co-operatives (Schouten et al, 2013) .
The provision of agri-environmental public goods other than landscape and biodiversity is more complex. The provision of climate change, for instance, involves both positive and negative impacts from agricultural activities. Agriculture is, however, not the only sector contributing to climate change, making it difficult to attribute the share of agriculture in the negative impact on the environment, particularly at local levels. Flood prevention, for example, is provided by a large system of dykes and ditches which are (for a large part) owned and managed by public water boards. The water boards are a Dutch institutional innovation of the 13 th century. They are regional authorities with their own taxation system, regulations, subsidies and democratically elected councils, in which farmers are strongly represented. The regulation of water tables in much of the agricultural and (semi) natural areas is managed by these water boards. Increasingly, water boards try to prevent floods through temporary inundation of farmland in return for a financial compensation. Some have subsidy schemes for farmers to improve the water quality in ditches.
Soil protection is, as argued above, mainly a private matter. In the Netherlands, farmer's groups have taken up this issue and the government mainly supports them with research.
Similar to other OECD countries, 5 the Dutch system of provision of public goods consists of drivers (farm inputs, farm practices and intermediary goods) that ultimately produce a certain amount of each of the public good listed in Table 1 .
4.
Market failure for agri-environmental public goods The general Dutch view is that legitimate government interference occurs only where there is market failure that causes serious under provision of public goods. According to the SER, the first step is to determine whether public values are at stake (Figure 1) . Public values are related to collective preferences (Lamy, 2004) . When a majority thinks that a public guarantee is needed (e.g. this can be confirmed, for example, through public opinion polls such as Eurobarometer Surveys), it follows that public values are at stake. The next step is to decide if public values are of public interest and if there is a need for an active government role. This "political" decision can be motivated by the existence of complex externalities causing market failures (SER, 2008) . There are some goods that have public values (step one), but do not call for an active government role. For instance, the supply of daily bread may have public values, but under normal circumstances the supply of this private good can be left to the market. Thus this second step examines whether goods have the characteristics of public goods (i.e. non-excludability and nonrivalry) and call for an active role by the government to secure its provision. A final step is to examine whether or not the incidental provision of agri-environmental public goods by individual farmers meets public demands. Agri-environmental public goods are not like a regular good on a market place that can be negotiated, bought and sold. They are often place-bound, so the farmer(s) needed for its provision is not arbitrary. Furthermore, a farmer producing agri-environmental public goods cannot simply demand payment from people enjoying the good because he/she cannot exclude people from enjoying it. On the other hand, if a farmer produces "public bads," he/she cannot easily be made to compensate the people affected as they cannot always be identified. Market failures in the provision of agri-environmental public goods can often be summarised as problems of
5.
See, for example, the Japanese case study on policy measures for providing agri-environmental public goods in Public Goods and Externalities: Agri-environmental Policy Measures in Japan (Uetake, 2015) .
free-riding. In many cases, the incidental provision of agri-environmental public goods by individual farmers does not meet public demand because of multiple market failure problems. Since collective action can leverage resources among farmers and non-farmers and bring larger environmental benefits to society in general, the Dutch government specifically promotes collective action to provide agri-environmental public goods. It is difficult to estimate the scale of demand and supply of agri-environmental public goods because of the absence of markets. On a national level, the problem concerns budget and spatial distribution questions, and the absence of markets poses problems for the proper pricing of public goods. In practice, a variety of methods is used in the Netherlands to address all these problems in an integrated way.
The most common method applied involves the use of reference data. Historic reference data are mostly used to underpin public goods such as the agricultural landscape with its characteristic and historic elements. For public bads resulting from agriculture, technical references are used more often, reflecting state of the art production possibilities per farm type. For instance, the maximum fertiliser application levels of phosphorus on arable land are set to lower values in cases of high actual satiety. To estimate desired levels of production of agri-environmental public goods, the reference level can also be found by conducting surveys among stakeholders to assess the relative value of a set of public goods. Cost price calculus of different sets of activities with different sets of outcomes regarding the bundle of goods can be used as a pricing mechanism. In practice, these techniques are used on an ad hoc basis and important issues must be resolved.
It is not always easy to establish which producer provides what amount and quality of a public good. In rural areas where many farms share resources such as ditches, it is not easy to attribute water quality to an individual pollution level.
The proxy-based evaluation techniques used to estimate desired reference levels for demand are hampered by lack of uniformity in their valuation base. Since different methods (e.g. stated preference through the Contingent Valuation Method (CVM), revealed preference through hedonic pricing, travel cost or market prices) can yield different estimates for the same component, the relative value of various components in their comparison is affected by the choice of the evaluation technique. Moreover, the methods address different notions of value (Chan et al., 2012) and are subject to various biases (TEEB, 2010).
Moreover, whether there is undersupply of agri-environmental public goods or not must be examined for each good at an appropriate scale. In fact, most demand and supply occur at the local level, thus the estimation should be done on a local scale for each good.
With these limitations in mind, this study tries to estimate the demand and supply of agri-environmental public goods in the Netherlands on a national scale. Although careful interpretation of the indicators presented is needed, they can nevertheless give a broad picture of the demand and supply that exists for agri-environmental public goods.
Demand for agri-environmental public goods
Demand curves for agri-environmental public goods are notoriously difficult to estimate. Due to lack of market information other sources must be used, e.g. information gathered in various Social Benefit Cost Analysis (SBCA). Despite the number of studies and the progress in applied techniques major problems remain in ascertaining demand for the public goods listed in Table 1 . These include the following.
 The goods listed in Table 1 are not specific. Within each category, there are still numerous possibilities to further specify the public goods and to develop indicators and criteria for delivery. For instance, High Nature Value Farmland (which is already a sub of "agricultural landscape") can come in many varieties for which demand can differ. In the Netherlands, HNV farmland type 1 (farmland with a high proportion of semi-natural vegetation) has become rare (Van Doorn and Elbersen, 2012) but is highly valuated.
 Demand for agri-environmental public goods not only varies by location (locally), but is also characterised by different levels of "scale" (local, regional, national, international) . For instance, the demand for climate change mitigation can be effectuated on a global scale.
One approach to ascertaining public demand for agri-environmental public goods is to use a public opinion poll as a proxy indicator. This approach will reveal a general public preference and interest, although it cannot provide an accurate demand in terms of a demand curve related to quantifiable units. Nevertheless, it would help policy makers to test step one of Figure 1 (whether there are public values or not). For instance, the 2010 European survey to measure public opinion of the CAP (EC, 2010) revealed that a large majority of Dutch respondents (91%) think that agriculture and rural areas are important for the future. This percentage is comparable to the EU27 (90%) average. A majority (60%) recognised protection of the environment to be among the top priorities for the European Union, and 26% found this to be the most important priority, against 14% on average in Europe (EC, 2010) . These figures are consistent with other Eurobarometer polls which measured the attitudes of European citizens. Similar surveys were carried out in 2004, 2007 and 2011 (Table 2 ). Compared to the 2004 survey (EC, 2005) , the 2011 survey (EC, 2011a) revealed that Dutch citizens were less worried about climate change and pollution issues. However, the concern about the depletion of natural resources had increased. Dutch respondents were less worried about losses of biodiversity in 2007 (EC, 2008) than they were in 2004; after 2007, this concern increased again.
The same public-opinion poll on the CAP (EC, 2010) showed that about 89% of respondents in Europe and the Netherlands were in favour of new objectives to help farmers face the consequences of climate change and 87% supported the cross compliance policy. New objectives to preserve to countryside or to develop the economy in rural areas could also count on high support rates (91% and 80% respectively in the Netherlands). Most respondents did not think agriculture was a major cause of climate change: 61% of the European and 74% of the Dutch respondents tended to disagree with a statement in that direction. At the same time, they did think agriculture would suffer from climate change (77% European and 63% Dutch). A large majority agreed that the European Union should help farmers to change the way they worked in order to address climate change (82% European and 83% Dutch); a smaller majority (58% European and 61% Dutch) was even willing to pay 10% more for agricultural products if they were produced in a way that did not increase climate change. The results of this Eurobarometer clearly show collective preferences with respect to at least some of the agrienvironmental public goods, which means that public values are at stake (step one of Figure 1 ).
Demand for agri-environmental public goods is also reflected in support for voluntary associations active in landscape and biodiversity. This support has a long history in the Netherlands. The first citizen initiatives for biodiversity stem from the nineteenth century (e.g. Vogelbescherming). A milestone was the acquisition of the first nature reserve the "Naardermeer" in 1905 by the private association Natuurmonumenten. Today Natuurmonumenten has over 750 000 members. Some people participate in voluntary landscape management, such as the 66 000 members of Landschapsbeheer Nederland. Many of the local environmental co-operatives that co-ordinate agri-environmental measures of farmers have membership for non-farmers as well. An example is "Water, Land en Dijken" with 500 farmers and 150 non-farmers as members (Box 3). Nonfarmers participating in environmental co-operatives are often active in the monitoring of biodiversity. Altogether; the combined membership of nature, environmental and animalfriendly associations is 3.8 million people or almost a quarter of the population. Few studies in the Netherlands have given attention to the demand for one or more agri-environmental public goods. Hendriks et al. (2012b) in their work for The Economics of Ecosystems and Biodiversity (TEEB) presented an overview of studies that focused on ecosystem services linked to the physical environment. From a list of 53 regional studies in the Netherlands that evaluated investments through Social Benefit Cost Analysis (SBCA) or Environmental Impact Assessments (EIA), only two related explicitly to an agricultural area and only a limited number of agri-environmental public goods was addressed. None of the selected cases was sufficient to adequately measure the value of effects of changes in ecosystem services, thus they do not present a clear demand curve showing varying amount of the goods in numbers with varying price levels of the goods.
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There have been efforts to estimate demand of agri-environmental public goods at the local level. An example to assess demand and supply of recreational services at a local scale is presented in Box 2.
Box 2. A Dutch demand and supply model for recreational daytrips
Stichting Recreatie (a foundation for recreation) developed a model to assess shortages of recreational facilities at a local level. It is based on recreational behaviour on the demand side and the carrying capacity of (agricultural) landscapes on the supply side (Stichting Recreatie, 2006 ).
In this model, the demand for daytrips of the local (urban) population is based on observed behaviour related to characteristics such as age, gender and ethnic origin. Studies showed that the majority of daytrips occur within a perimeter of 10 km from home (for walking) or 15 km (for cycling). In this way, an aggregated demand per postal code location is developed.
On the supply side, the carrying capacity is limited by landscape features. Forests have the highest carrying capacity, both for walking and cycling, while industrial terrain and small recreational objects have no carrying capacity at all (Table 3) . By comparing the carrying capacity with the aggregated demand, the model revealed the shortages in recreational capacities. This model has been applied in various regions in the Netherlands. The highest shortages in recreational capacities are mainly found near the agglomeration of the Randstad, which encompasses the country's four largest cities (Amsterdam, Den Haag, Rotterdam and Utrecht). The result can then be used in SCBA studies (MinLNV, 2006) .
Supply of agri-environmental public goods
Assessing the supply for agri-environmental public goods is also a challenge due to the lack of appropriate data. At the European level, some work on the development of common proxy indicators to estimate the supply of agri-environmental public goods has been established by IRENA (EC, 2006) . The indicators are linked to the production system and focus on the impact of agricultural activities on the environment. Although no indicator can be used to directly assess the desired levels of supply, they do provide some proxies about the desired quantities. Table 4 provides an overview of some relevant IRENA IFS proxy indicators. At the Dutch level, indicators are available on the national and regional level for a number of agri-environmental public goods. Table 5 summarises the trends of agrienvironmental public goods in the Netherlands. However, little is known at the farm level and this hampers the design of meaningful (market-oriented) policies. The overall picture is mixed with some public goods increasing and others decreasing. (Figure 2) , is reducing agriculture's capacity to provide various ecosystem services, not only because of the decline itself, but also because urban expansion is fragmenting the landscape. However, land use changes under the national programme to establish an ecological network also offers opportunities for low input farming practices. Land acquisition has been aimed in part at the reconstruction of semi-natural habitats, such as species rich grasslands and heathlands, and new landowners (nature organisations) tend to hire out this land to neighbouring farmers with restrictions (Melman et al., 2013) . The number of private agrienvironmental associations 6 is also rapidly growing from less than ten in 1994 to approximately 100 in 2001 (Oerlemans et al., 2001) , and approximately 200 in 2013. Today, environmental co-operation is active in a large part of the Netherlands, with groups of farmers and citizens trying to promote the delivery of agri-environmental public goods. The most vulnerable and economically least feasible semi-natural habitats offering public goods related to biodiversity are protected in "nature reserves" and no longer considered as utilised agricultural area (UAA). However, outside and between these strictly protected reserves, conventional agriculture provides public goods, especially landscape and biodiversity associated with agricultural landscapes. The green landscape (where small forests, wooden banks and hedgerows are involved) and the blue landscape 6.
In international literature, they are sometimes indicated as environmental co-operatives.
(where water is involved) elements on agricultural land are key infrastructure for the migration of fauna (Opdam et al., 2006) Modern agriculture requires ever larger fields to work efficiently. This puts pressure on existing landscape features, especially in protected zones such as "National landscapes" where farmers are confronted with relatively small-sized parcels (Sanders et al., 2013) . There is a steady decline in the number of farms and older ones are usually broken up into small parcels and sold to neighbouring farms. The number of scattered plots is increasingly complicated to manage by farmers. For a growing number of dairy farmers this means they must keep their cattle inside year-round. To design agricultural landscapes which combine intensive and large-scale practices with sufficient small-scale landscape elements is one of the great challenges in the Netherlands (Rienks et al., 2008) .
Despite efforts by many farmers to protect birdlife with the commitment to apply agri-environmental measures according to specific schemes, the farmland birds index has fallen dramatically by over 50% in the last decade. It seems that measures undertaken under are not far reaching enough to make a difference and that they need to be better spatially targeted (RLI, 2013; Sanders et al., 2013) .
Improving water quality is a key challenge because in many areas the criteria set out by the EC Water Framework Directive are not met. Although recent trends in farmland nitrogen and phosphorus levels have been favourable, the rate of improvement is slowing (CBS, PBL, Wageningen UR, 2012a). Figure 3 shows there are still many water bodies, especially ditches, where concentrations of nitrogen and phosphorus are too high. Water quality is also negatively affected by pesticides, much in the same way as nitrogen and phosphorus. Despite improvements, the operational targets for reduced levels in 2010 were not achieved (CBS, PBL, Wageningen UR, 2012a). In terms of water quantity, water withdrawals for agricultural purposes amount to 1% in the Netherlands. Withdrawals are mainly done by douching the crops in dry periods. Together with groundwater subtraction for drinking water and industrial purposes, douching accounts for 30% of the desiccation problems of nature reserves (CBS, PBL, Wageningen UR, 2008). Drainage of agricultural areas, which accounts for 60% of withdrawals, is the predominant cause of desiccation problems. In 2000, almost half a million hectares of (nature) land were desiccated, threatening approximately 40% of the endemic plant species (CBS, PBL, Wageningen UR, 2003).
Soil losses from cultivated and other land are generally low in the Netherlands but can be locally important. Water erosion can occur mainly in the hilly parts of southern Limburg on approximately 40 000 ha. Other parts of the Netherlands (mostly in the northeast) can be susceptible to wind erosion, approximately 4 700 ha is very vulnerable (Hessel et al., 2011) . About 2.5% of the UAA in all is at risk, predominantly arable land. Soil organic matter can decrease when land use changes significantly, especially when it changes from permanent grassland to an arable production system. There is no scientific evidence for decreasing rates of organic matter in the Netherlands when fixed rotation crop schemes are applied over longer periods (Smit and Kuikman, 2005) . There is limited data on carbon storage. Soils are a huge store of carbon (C). The current pool of soil organic carbon (SOC) in the world is estimated at 1 500 Pg (petagrams), i.e. approximately two times larger than the total amount of C in the atmosphere and nearly three times larger than the amount of C in terrestrial vegetation (Kuikman, 2004) . The total amount of SOC in the Netherlands is approximately 285 Tg (teragrams) C in the top 30 cm of all soils in agriculture, forest and nature conservation areas (Kuikman et al., 2003) . Peat soils contain the largest amounts, but oxidation causes considerable annual losses in the order of 5 -15 Megaton CO 2, accounting for 5% of total Dutch emissions (Kuikman, 2004) . Land use changes in the past, especially conversion of permanent grassland (with relatively high SOC content) to cropland also contributes to loss of SOC as it generally takes many years to reach a new equilibrium.
Greenhouse gas emissions from agriculture have decreased in recent years. Methane emissions dropped 14% between 1990 and 2011 and the emissions of nitrous oxide decreased by 42% over the same period. The reduction of methane emissions in agriculture were mainly attributed to a shrinking livestock population until 2007. Nitrous oxide emissions from agriculture decreased from 1995 onwards due to lower application of (artificial) fertilisers. The share of agriculture in total GHG emissions is 8% (OECD, 2013a).
Air quality associated with agriculture has improved. Ammonia is the key pollutant associated with agriculture, especially (intensive) livestock farming, and ammonia emissions decreased by 65% between 1990 65% between and 2010 65% between (OECD, 2013a . The number of people adversely affected by odours from agriculture was approximately halved between 1994 and 2011 (CBS, PBL, Wageningen UR, 2012d). To further reduce the nuisance from odours, farmers need licenses to produce and air cleaners are required to obtain permits for expansion of intensive livestock. However, supervision by local authorities is insufficient and many installations do not function properly (Min IenM, 2012a).
Drivers causing changes in Dutch agri-environmental public goods and market failure
While the demand or need for agri-environmental public goods is probably increasing because of the Netherland's growing population and changing lifestyles, evidence suggests a mixed picture in terms of supply. Some agri-environmental public goods show an improvement in supply, especially those associated with negative impacts from agriculture, (such as water quality, reduction of greenhouse gas emissions, and air quality), while others, especially those associated with positive influences from agriculture, appear to be deteriorating (biodiversity, soil quality) or mixed (water quantity). Most agri-environmental public goods are probably underprovided, suggesting that in many cases the three steps illustrated in Figure 1 are passed in terms of overall demands and supply of agri-environmental public goods in the Netherlands. However, the national scale at which agri-environmental public goods were examined in this study has limitations. Whether or not there is undersupply should be examined at the appropriate scale. This scale may be national or global, but more often local.
To some extent, the undersupply of agri-environment public goods results from impacts on the provision mechanism such as a reduction in the agricultural area (Section 2). However, the specialisation, intensification and increased scale of farming are also important. These adversely affect the supply of agri-environmental public goods such as agricultural landscapes, biodiversity, water quality and soil quality. A shrinking and ageing agricultural labour force also has an impact on the maintenance of certain farming systems and management practices (e.g. cattle grazing and shepherding) and infrastructure (e.g. the maintenance of hedges and wooden banks) which are beneficial for agri-environmental public goods such as landscape and biodiversity.
Even taking the above into account, the biggest challenge relating to the provision of agri-environmental public goods in the Netherlands as well as elsewhere in Europe is that farmers do not have the incentive to provide these goods. If enough private income could be obtained from providing agri-environmental public goods, individual farmers could provide these with no public support. However, with limited or no private benefits, some form of public intervention is required in order to secure the provision of agrienvironmental public goods at the scale required to match demand and need (Pannell, 2008; Cooper et al., 2009; OECD, 2010a) . For these reasons, the Netherlands has developed and implemented various agri-environmental policies that target collective action. Since many factors affecting the provision of agri-environmental public goods are drivers (input-based or means), most Dutch agri-environmental policies target the means rather than directly the ends (agri-environmental public goods). Dutch agri-environmental policies are discussed in Section 5.
Reference levels and agri-environmental targets of agri-environmental policies
Government intervention may be necessary in the case of market failure. However, questions remain as to the extent that government should intervene. To consider this point, a framework concerning reference levels is useful (OECD, 2001 ).
Environmental reference levels are defined as the minimum level of environmental quality that farmers are obliged to provide at their own expense; reference levels can be set in terms of environmental outcome or appropriate farming practice. Environmental targets, on the other hand, are defined as minimum (mandatory) levels of environmental quality for the agricultural sector in a country or region or desired (voluntary) levels of environmental quality that go beyond minimum requirements. Environmental targets depend on society's preferences for environmental quality, while reference levels depend on the country's traditions or laws in defining property rights.
In European agriculture such a framework is offered by EC regulations on cross compliance. In the Netherlands (and more widely the European Union), the environmental reference level is either enshrined in legislation setting out legal requirements in relation to minimum standards which must be adhered to by law, or is expressed in standards of good agricultural practice which, although not enforceable in a legal sense, are practices that are expected of all farmers. In the Netherlands, the EC framework is complemented mainly by national spatial law and by the choice of measures under Pillar 2 of the CAP for support of farming practices that go beyond the levels set by the cross compliance for Pillar 1, and therefore provide additional services to society. The Dutch rural development plan (MinELI, 2006 ) includes a number of goals for agrienvironmental public goods, such as preservation of valuable man-made landscapes and increased biodiversity in rural areas.
The legislative baseline specifies those actions which are compulsory for the farmer to undertake and for which he/she should bear the cost. In most cases, EU legislation is in the form of Directives, which provide a broad framework for transposition to national laws and implementation at the Member State level. Many of these national legislative requirements are included within the Statutory Management Requirements (SMRs) and to a certain degree within the Good Agricultural and Environmental Conditions (GAEC) standards under cross compliance (Cooper et al., 2009) . Figure 4 illustrates the environmental reference levels in the Netherlands and corresponding farming practices and policy mechanisms. All farmers must meet the environmental requirements set by EU and Dutch legislation. Cross compliance enforces compliance with the requirements set out in the EU and national legislation that apply to farmers who receive agricultural income support payments (SPS), and it adds additional environmental requirements to those farmers. Agri-environmental schemes (Pillar 2) are set to further improve the environmental quality beyond the reference levels and with which farmers will need to commit to. Table 6 shows the reference levels and environmental targets for nine agri-environment public goods in the Netherlands (Annex Table 1 provides a more detailed description of reference levels and environmental targets).
There are specified reference levels and environmental targets for biodiversity, water quality and quantity, soil and air quality. For these public goods, the reference levels relate to cross compliance while the targets are based on international or EC commitments. These commitments are informed by and based on scientific evidence (e.g. water quality). In the Netherlands, areas with outstanding natural and cultural values are designated as "National landscapes." In total, there are 20 such designated landscapes, covering more than 20% of the total surface area. 7 The main environmental target is to retain the core qualities and where possible include some restoration. Large-scale industrial developments are not allowed in these areas and the policy also aims to keep the number of inhabitants at a stable level. The "National landscapes" were designated by the central government in 2004 and, until recently, the central government was responsible for this policy. Since decentralisation in 2012, the Dutch provinces govern this policy and make budgetary decisions. A system of permits under spatial law protects the landscape to some extent. Changes to (often complex) landscape features are not allowed without a permit. The Dutch government started this spatial policy, which involved a zoning concept, in 1956. In some zones, agriculture prevailed and there were little restrictions. In other zones, agriculture was combined with other values such as landscape elements and biodiversity, and thus more restrictions were placed on farmland. Regarding biodiversity, halting the further loss of biodiversity values and when possible restoring them (through the establishment of the National Ecological Network) are the most important environmental targets. The environmental targets on landscape and biodiversity put emphasis on preserving the current status of the environment. In both cases, since preserving current status is the main environmental public good, most costs (e.g. keeping landscape elements) are borne by farmers.
7.
http://www.cbs.nl/nl-NL/menu/themas/dossiers/nederlandregionaal/publicaties/artikelen/archief/2011/2011-3443-wm.htm. Measures on project base. Adapting of farming practises is just one of the options 1. Although the RED is not directly targeting agri-environmental public goods, the policy is using agricultural production as an instrument to achieve environmental public goods (i.e. climate change).
National target over all sectors.
The European Water Framework Directive and Nitrate Directive set environmental targets and reference levels for water quality (Min IenM, 2012b ). Water quality is addressed per water district and management plans are developed together with various stakeholders. The implementation of the nitrate directive is integrated with soil protection in national laws on the application of fertilisers which set out the reference levels based on nutrient inputs. Farmers are obliged to meet these reference levels (e.g. appropriate fertiliser applications, nitrate management) by their own costs, but environmental targets set out by the Directives which go beyond the reference levels environmental payments are implemented.
There are no specific national targets with respect to water quantity. Environmental targets and reference levels (for extraction) are set per basin/water catchment area based on the EU Water Frame Directive. In general, there is abundant water in the Netherlands and the water board districts are appointed with the task to regulate water tables for agriculture, i.e. sufficient drainage when it is too wet and sufficient retention or when possible water supply in dryer periods. Management of water control, for instance keeping ditches free from scrubs, is done by farmers at their own expense. In this case, the reference level is based on practices. There remain many conflictual situations where farms adjacent to nature reserves require higher water tables. These issues are usually resolved by spatial planning policies.
There are no specific national targets related to soil quality and the amount of carbon storage in the soil. Although soil quality is of great concern indicators but difficult to adequately target, they are not yet available (Smit and Kuikman, 2005) . To prevent potential losses of carbon and pollution, individual farm reference levels are set to the current farming practice (e.g. retention of permanent grassland).
The long-term perspectives for a competitive low carbon economy in 2050 are outlined in an EC road map (EC, 2011b) in which the national targets for greenhouse gas emission are set to a conditional 40% reduction in a Cabinet climate letter (Min IenM, 2011) . The reduction target is conditional because of uncertainties with regard to international efforts and success. The target applies to all sectors in the economy and climate policy is comprised of a mix of covenants, regulations and financial incentives. There are no specific targets set for agriculture with the exception of horticulture greenhouses. The aim of this innovation programme for the greenhouses is to become "climate neutral" by 2020.
With respect to air quality, the EC National Emission Ceiling Directive and Gothenburg protocol set a national target for ammonia emission reduction to 13% compared to 2005 which equals 122 kilotons. In addition, a special policy will be developed for the protection of Natura-2000 areas, aiming for minimal impact of ammonia based on a zoning concept. This involves a cap on total emission levels of all farms combined within a certain distance from the perimeter of the nature reserves.
Resilience to flooding is targeted by the national water safety 21
st century programme which is based on factors such as the economic importance and number of inhabitants affected the risks of flooding to higher or lower levels. As part of the strategy, agricultural lands can be used as a temporary relief area. This is done on a project basis.
When farmers emit pollution (e.g. soil, water and air pollution), the Polluter Pays Principal (PPP) applies and farmers are obliged to meet the reference level at their own expense. Reference levels are often set at the sector level, because identifying the polluters can be problematic due to the public nature of the produced "bad." On the other hand, when farmers provide benefits (e.g. agricultural landscape or biodiversity), current farming practices tend to be equal to reference levels (some programmes require crosscompliance), and environmental payments are used to achieve environmental targets.
Reference levels are not always equal to regulation levels. Sometimes regulation levels can be set beyond reference levels. In these cases, governments may choose to provide payments to help farmers meet the regulation levels (Case B of Figure 5 ). For example, to improve water quality and mitigate environmental problems associated with livestock, farmers are required to install suitable facilities to store livestock manure and slurry. The authorities provide technical advice and assistance, and in some cases grant aid, to help farmers meet the enhanced standards.
With regard to environmental targets, some agri-environmental public goods do not have explicit targets in the Netherlands. This may be because it is difficult to set quantitative targets for some agri-environmental public goods (e.g. agricultural landscapes), or because issues are relatively new (e.g. carbon storage). Ideally, Environmental targets should try to improve the environment; however, maintaining the current level of provision could also count as an environmental target given the market forces driving deterioration in the quality and quantity of some agri-environmental public goods. Environmental targets and reference levels are set by the government and/or devolved authorities, and informed by international and EC commitments and policies, scientific evidence, expert analysis and public consultation. For many agri-environment public goods, this process takes place in the context of the development of country Rural Development Programmes (RDPs). The RDPs for 2014-2020 are presently being developed.
Environmental targets and reference levels are not always set clearly for all agrienvironmental public goods. Ideally, environmental targets should be output based or directly related with the status of the agri-environmental public goods provided. However, in many cases, proxy indicators (e.g. targeted area for organic farming) are used. In some cases, there are no quantitative targets, and instead qualitative targets are set. This makes it difficult to evaluate policy measures. Even if there are overall environmental targets (e.g. preserving biodiversity), it is not clear to what extent each policy measure (e.g. direct payments for environmentally-friendly farming) tries to address the targets, and to what extent other policy measures try to contribute to achieve the targets. Agrienvironmental targets and reference levels are necessary to develop better policy measures and to identify better cost-sharing between farmers and society.
Once environmental targets and reference levels are set, policy intervention may be necessary to provide agri-environmental public goods. In the next section, current Dutch policy measures for agri-environmental public goods are reviewed.
6.
Policy measures for agri-environmental public goods importance. Regulatory requirements and payments based on farming practices are still predominant, although there are numerous experiments with other policy instruments. Since Table 7 reflects only the present situation it should be read with care. The policies with regard to agri-environmental public goods in the Netherlands are characterised by high dynamics in terms of governance as expressed by the number of major revisions in environmental laws and agri-environment schemes in recent years. The Netherlands are unique in their collective approach to agri-environment measures via Environmental Cooperatives (Franks and McGloin, 2007) . At present, the government is taking this approach a step further towards self-governance of agri-environment schemes by local co-operatives. This reflects the general shift "from government to governance" in Dutch policies, which give more leeway for self-governance of social institutions and a decentralisation of former national government tasks to regional and local governments.
Section 6 examines regulatory measures, financial incentives and facilitative measures respectively, and discusses how these measures target agri-environmental public goods in the Netherlands. 
Regulatory measures
There are three types of regulatory measures: regulatory requirements, environmental cross-compliance and environmental taxes/charges. Among these three types, the regulatory requirements are of high importance, followed by environmental crosscompliance (which partly incorporates regulatory requirements) and environmental taxes/levies. Regulatory measures (permits or licenses to produce) are used for maintaining landscape features such as wooden banks and hedgerows, water quality, water availability, soil quality and air quality, while EU environmental regulations mainly address biodiversity and (ground) water quality. Most regulatory measures target specific agri-environmental public goods, rather than targeting multiple public goods.
Environmental cross-compliance attaches agricultural income support payment to regulations and therefore mixes a financial with a regulatory measure. In order to receive full EU agricultural income support payments under Pillar 1 of the CAP, farmers must meet the cross compliance requirements. Included in cross compliance are regulations on spatial planning and environmental quality which, in the Netherlands, vary at the regional level. In general, the cross compliance requirements of the European Union comprise Statutory Management Requirements (SMRs), Good Agricultural and Environmental Conditions (GAECs), and permanent pasture preservation rules. SMRs are based on EC Directives and are thus based on legislation; they apply to all farmers regardless as to whether they receive SPS support or not. Furthermore SPS support is made conditional on meeting the requirement to preserve permanent pasture. GAECs are subject to greater Member State discretion and there is more scope for subsidiarity. The SMR and GAEC cross compliance requirements in the Netherlands are summarised in Table 8 . The first five SMRs and SMR9 of Table 8 address environmental issues.
Much of the SMR coverage relates to regulating agricultural production for the purpose of disease control, traceability and welfare. The environmental aspects are related to protection of water quality (SMR3 and SMR4 based on the EC Water Frame Directive and Nitrate Directive), use of agricultural land to dispose of sewage (SMR3), control of the use of agri-chemicals (SMR9), and protecting wildlife and habitats (SMR1 and SMR5 covering the EC birds and habitat directives). Included also is legislation protecting special designated areas recognised at national and EU level as key habitats for wildlife (SMR5). The importance of birdlife as part of farmland ecology at Dutch and EU levels is evidenced by the inclusion of general requirements to protect wild birds (SMR1). SMR2 prohibits discharging waste water without a licence.
Most regulatory measures are included in the SMR under cross compliance. Dutch regulations include, for example, special thresholds for large intensive livestock units (i.e. over 40 000 places for poultry, 2 000 places for production pigs (over 30 kg) and/or 750 places for sows). Larger units require a permit from the municipality to operate (Infomil, 2002) . Within vulnerable zones near ecological networks additional restrictions on development override some of the exceptions that are generally granted to development and activities related to agriculture. In the Netherlands, the Integrated Pollution Prevention and Control (IPPC) guidelines that regulate these thresholds are implemented in the Ammonia and Livestock Act / General Environmental Act (WAV/WM) environmental legislation (Infomil, 2002) . Other regulatory measures involve the protection of some landscape features through local spatial zoning plans. Dutch GAEC cross compliance requirements are mostly supportive of legal requirements for all farmers receiving SPS payments. The exceptions are the soil protection review (GAEC 1) which applies only to farmers in the hilly parts of the province of Limburg and water management (GAEC 4). The latter prohibits irrigation in cases where a permit is required. This requirement depends on the criteria set by the regional water board.
Taxes, the third category of regulatory measures, are mainly used by water boards and municipalities in relation to real estate. One of the most important tasks of the water boards is to keep land behind the dykes safe from flooding and provide sufficient drainage in wet periods. For these services, the land is taxed according to a classification system. Nature reserves and land outside the dykes have lower levies than for instance agricultural land. Other Dutch environmental taxes are applied on fuels and energy. In addition to the Value Added Tax (VAT) these goods are taxed with an environmental excise duty.
Financial incentives
Financial incentives mainly apply to agri-environmental public goods provided beyond the reference levels, such as landscapes and biodiversity. The CAP provides governments with the possibility to use part of the national financial envelope of support to grant specific support to farmers for (statutory) activities among others in the field of nature, the environment, water or landscape (Council Regulation (EC) No 73/2009, Article 68). For 2010-13, the Netherlands budgeted EUR 122 million for the protection or enhancement of the environment, animal welfare, specific disadvantages affecting vulnerable types of farming, and insurance (ECA, 2013) . For landscape and biodiversity, a broad range of agri-environment measures are designed. Although there is some national co-ordination, the schemes are different in each province, with some focusing more on landscape features and botanical measures, while others focus mainly on meadow bird protection.
Since 2007, the Dutch provinces are responsible for most landscape and biodiversity policies, including land acquisition for new nature reserves within the ecological network. The decentralisation resulted due to a change in policy style based on the principles of subsidiarity. These principles are also embraced by institutions such as the European Landscape Convention (Roetemeijer, 2005) . There are three types of Agri-Environment Schemes (AES): landscape schemes that address the maintenance of landscape features outside the productive area of the farm; standard area-based schemes that impose some restrictions on normal farming practices, such as a delayed mowing regime or restricted fertiliser use; and a land retirement facility to change the function in the spatial zoning plan to nature, similar to the acquisition programme described in Box 1. A variant is the current experiment with the concept of "Farming for Nature." With this concept a low nutrient cycle is established within the whole farming system by prohibiting fodder and fertiliser purchases in return for a yearly payment per hectare (Stortelder et al., 2001 ). All agri-environmental payments to farmers are based on the principle of income foregone and costs incurred (plus up to 20% for transaction costs). The schemes are normally cofinanced under Pillar 2.
Box 3. An example of providing agri-environmental public goods through collective action
Grassland birds are the most important public good provided by regional farming co-operatives in the Netherlands. The Water, Land & Dijken (WLD), the province of North Holland and other non-governmental parties, such as farmers, volunteers and conservation organisations, work collectively for preserving grassland birds in Laag Holland (Lower Holland). The implementation of the scheme by the WLD takes place close to farms, thus substantially increasing the uptake. For example, the WLD makes individual contracts with participating farmers to selectively cut and re-distribute part of the payments they receive from the National Paying Agency. This "skimmed" budget is used for result-oriented payments (according to the number of nests protected) and for private conservations contracts, especially last-minute measures. For example, when a field is going to be mowed, but is still densely populated with birds, the WLD can agree with the farmer to postpone mowing.
The European Commission's proposals for the CAP 2014-2020 include a new formal position for collective action, mentioning "groups of farmers" as potential applicants and beneficiaries under the agrienvironmental part of the proposals for rural development. The proposals also mention broader possibilities for EU support for co-operative actions, including the organisational costs involved. The WLD is pleased with these possibilities and is now formulating ideas for the following.
 The practical implementation of these new possibilities.  Extending the role of regional co-operatives to first pillar CAP payments (direct payments), where 30% of the budget is reserved for environmental measures. Co-operatives could also play an important role in developing an effective "collective delivery."
Source: OECD (2013b), Providing Agri-environmental Public Goods through Collective Action, OECD Publishing.
The Dutch government is experimenting with new institutional arrangements such as environmental co-operatives. Meadow bird protection works best when concentrated and applied in large areas. To achieve this, farmers in such areas need to co-operate with each other. The first agri-environmental associations were founded in the 1990s. Today there are almost 200 such associations acting as communities of practice and some are experimenting with new contract forms with the government with the idea of generating better results through self-organisation of the necessary ecological connectivity of the community. The government will then have a contract with the farmers' agrienvironmental association instead of with individual farmers. In 2011, the Ministry of Economic Affairs issued four pilot projects in different parts of the Netherlands. The agrienvironmental association Water, Land & Dijken (WLD) was one of the chosen environmental cooperatives. This case was also presented in the OECD study on collective action (OECD, 2013b).
Facilitative measures
The Netherlands has a long standing history of a "golden triangle" policy. In the past, the combination of policy, research and farm extension services made the Dutch AgroFood sector very successful. With the government gradually drawing back from major subsidy programmes in favour of self-regulation by different sectors, there is a greater role for facilitative measures. However, most facilitative programmes for support of agri-environmental public goods are short-lived, linked to specific projects on an ad hoc basis. Furthermore, farm extension services are no longer under government control and it is up to individual farmers to acquire their knowledge and advisory services of the market.
On biodiversity, a facilitative programme of the Ministry of Economic Affairs called Business and Biodiversity grants subsidies to enterprises (not only to agricultural enterprises) to engage in pilot projects that reduce negative impacts on biodiversity. The subsidy Cooperation in Innovation projects specifically targets farmers and small and medium enterprises (SME) in the agricultural sector. The costs of innovation projects in the field of climate change, water management, renewable energy or biodiversity should be at least EUR 10 000 for a project to become eligible. At least one farmer should participate in the project.
Through the Rural Development Programme, Pillar 2 subsidies have been used to stimulate the founding of environmental co-operatives. In addition, part of the agrienvironmental payments can be used for organisational costs of environmental cooperatives.
To reduce emissions of ammonia from agriculture, there is a specific subsidy from the Communities of Practice which is aimed at networks with at least eight participants. Farmers, SME Agro-businesses and knowledge institutions can participate. The programme offers a maximum grant of EUR 250 000 and a minimum of EUR 100 000, and a 70% contribution towards costs.
A recent top sector policy in the Netherlands, in which the Dutch government seeks Public Private Partnerships with the whole production chain to innovate and acquire a strong position in the world, is "Agro Food". Sustainability is a key issue for the Top Sector AgroFood and after consulting important stakeholders, such as farmers' organisations and environmental NGOs, much of the combined R&D budget is directed to it.
For the top sector policies, "AgroFood" and "Horticulture" emission reductions of greenhouse gasses is a key element in their sustainability agenda, and their research and innovation agenda pays much attention to this. Table 9 summarises agri-environmental policy measures and their targeted agrienvironmental public goods. To date, the emphasis in the Netherlands has mainly been in finding a balance between regulations, much of which is included in cross compliance within the CAP, and payments for voluntary agri-environment measures. Both types of instruments will be modified by the recent CAP reforms; new measures are not yet finalised and are not covered in this section. Table 9 reveals that the Dutch government is presently aiming at multiple targets and using multiple instruments to achieve these targets. This policy mix is driven by the quest for proper alternatives for government financing of agri-environmental goods. Many questions remain related to measuring agri-environmental public goods and to the way in which they interfere which each other. This explains the high number of experiments of the Dutch government.
Agri-environmental public goods and policy measures
Another transition affecting Dutch agri-environmental policies is the general aim of the Dutch government to support a greater role for the civil society and give room for the self-organisation of sectors. This implies a retreat from top-down regulation and subsidy programmes and suggests a shift towards facilitative policies. The Dutch experiments with community-based agri-environment measures and decentralised structures for consultation also fit into this picture. It is expected that new institutional arrangements in accordance with the principles of self-regulation and subsidiarity will yield better results in terms of mutual trust, motivation and transaction costs (Polman, 2002) . Although the changes will probably be evolutionary rather than revolutionary, the transition can be expected to alter the balance between regulatory measures, financial incentives and facilitative measures. These policy changes are still at an early stage and not evaluated extensively; it would therefore be premature to draw conclusions. Early results show a mixed picture and many issues need to be resolved (Termeer et al., 2013) .
Cross compliance influences agricultural landscapes, bio-diversity, soils and water quality and quantity. It is an instrument that prevents farmers who do not comply with the minimum EU-standards from receiving income support. Many of these measures are statutory requirements affecting all farmers. Some farmers are not in SPS and therefore not subject to cross compliance (but are fully subjected to the existing statutory requirements), particularly in some intensive livestock systems (pigs and poultry) and horticulture sectors. This is a result of the focus of SPS on farms with a history of claims in the production support era. Following the CAP reforms, farmers will receive flat rate payments regardless of previous historical claims, as is the case in England. This will hardly affect the intensive agricultural systems in the Netherlands (with the exception of calf fattening) since those systems do not rely on land.
Recently, agri-environmental subsidy schemes in the Netherlands have been heavily criticised as being ineffective in protecting endangered species (RLI, 2013) . The lack of results re-opens the discussion on approaches based on effort (measure) or results (outcome). The arguments of farmers associations to favour the effort-oriented approach have always been that the fundamental unpredictability of nature and factors from outside the farm could not guarantee that efforts would pay off. With future agri-environment schemes largely in control of environmental co-operatives, acting as a collective in co-ordinating measures within a larger area, some elements of outcome-based payments might be re-considered. The implementation of the new CAP for the period 2014-2020 continues the greening process of the agricultural sector. It requires that farmers wishing to make use of direct payments to put greening measures in place that were agreed to at the European level (Ministry of Economic Affairs, 2013).
 Crop diversification. Farmers will be required to cultivate a diversity of (three) crops on their arable land, with exceptions made for small farms. National discretion is not allowed.
 Maintenance of permanent grassland.
 Farmers must designate 5% of arable land as an Ecological Focus Area (EFA). These areas include landscape elements (e.g. wooded banks, hedgerows, and ponds), field margins, buffer zones and land with nitrogen fixing crops.
Conclusion
This study reviews policy measures for providing agri-environmental public goods in the Netherlands. It is one of the first studies to try to synthesise a broad range of agrienvironmental policies and agri-environmental public goods in the Netherlands.
Dutch agri-environmental policies target nine agri-environmental public goods: agricultural landscapes, biodiversity, water quality, water quantity/availability, soil protection and quality, climate change -carbon storage, climate change -greenhouse gas emissions, air quality and resilience to flooding.
Most agri-environmental public goods are jointly produced with agricultural and food production activities. In the absence of functioning markets for these agri-environmental public goods, their provision levels are mainly affected by various government incentives (regulatory, financial and facilitative). The greatest range and quantity of agrienvironmental public goods is associated with extensive grazing livestock farms. Some of these farms are associated with High Nature Value farming. Arable cropping and intensive grazing livestock farms deliver limited, but nonetheless important agrienvironment public goods. Intensive livestock systems and greenhouses are mainly associated with environmental costs. The objective of agri-environmental policy should be to minimise those negative impacts from agriculture and in doing so contribute to the provision of agri-environmental public goods elsewhere. Some agri-environmental public goods are delivered through historic or cultural infrastructure and management practices which may no longer be directly linked to mainstream agriculture (for instance, landscape elements such as tree hedgerows and ditches). In order to secure an adequate amount of provision, policy measures have targeted the drivers influencing the provision of agrienvironmental public goods, rather than the agri-environmental public goods themselves.
Limited proxy data suggest there is a strong demand for agri-environmental public goods in the Netherlands, and which is even increasing because of the deterioration of the environment. There is, however, a mixed picture in terms of the supply of these goods, with some increasing, others decreasing, and a number that are unclear. Overall, this implies that some if not all agri-environmental public goods (agricultural landscape, biodiversity, soil quality and carbon storage) are under-provided. However, we did not find solid evidence for the undersupply of agri-environmental public goods. This study is based on the national level, but most agri-environmental public goods are demanded and supplied at a local scale. Whether there is undersupply of agri-environmental public goods or not has to be examined for each good at an appropriate scale. More detailed analysis is left for future study.
In order to achieve agri-environment priorities in the Netherlands, there is a combination of regulatory (much of which is included in cross compliance with CAP payments), financial and facilitative incentives. However, there is a tendency to simplify regulations and to give an enhanced role to civil society. Through the concept of selfregulation the government also expects that transaction costs can be lowered. The reform of the CAP and the general trend towards deregulation means that the nature and balance of programmes will be altered over the period 2014-2020.
For some agri-environmental public goods (logically those which are mainly negatively affected by agriculture, such as water quality and climate change), farmers are required to meet reference levels at their own costs via regulatory measures. Negative financial incentives (taxes or charges) are used at present only for fuel and energy consumption affecting all sectors. Some discussion on expanding their scope might be useful. In addition, policy measures that target environmental outcomes (output-based policy measures) should be adopted to increase the cost-effectiveness of agrienvironmental policy measures, as long as agri-environment management can collectively be organised in larger areas. The co-ordination of different policy measures to secure the effective and efficient delivery of agri-environmental public goods could also usefully be discussed.
The costs associated with the provision of agri-environmental public goods also need to be reviewed. Not all agri-environmental public goods have clear reference levels and environmental targets; where this is the case, they are not presented and communicated clearly and coherently. While cross compliance conditions comprise the reference levels for most goods, the reference levels for the remaining goods are based on current farming practices. This implies that the government may need to make payments to achieve more sustainable farming practices. There could be value in discussing and reviewing to what extent farmers should bear the costs and to what extent governments/society should bear the costs. In addition, some agri-environmental public goods have use values which could be taken into account. Community-based approaches can be particularly important in this case as they can involve some beneficiaries of these use values.
Annex Table 1. Reference levels and agri-environmental targets in the Netherlands
1) Agricultural landscapes
Environmental targets
There are national targets only in "National landscapes" (areas with outstanding natural and cultural values), but not in other areas. However, the Netherlands is a signatory to the European Landscape Convention which provides a framework for landscape-focused activity. Landscape is a key objective of agri-environment schemes and integrated into priorities for agri-environment scheme targeting. Provinces and municipalities are responsible for the landscape quality. The national government offers assistance (providing guidelines, monitoring, support for landscape organisations and research among others).
Reference level
GAECs covering hedges, rows of trees and other landscape features under cross compliance.
2) Biodiversity Environmental targets
Key targets in the Netherlands are the further and integrated development of the National Ecological Network and Natura2000 sites. In some parts agriculture can play a significant role. The Netherlands also endorsed to the EU Biodiversity Strategy. One of the goals of the framework is to reduce the direct pressures on biodiversity and promote sustainable use, which includes agricultural land.
Reference level
GAECs covering special sites, environmental impact assessments, over/under grazing and burning, as well as SMRs covering wild birds and habitats (SMRs 1 and 5), all under cross compliance.
3) Water quality Environmental targets
The Netherlands is implementing the EC Water Framework Directive (WFD) which seeks to establish a framework for the protection of inland surface waters (rivers and lakes), transitional waters (estuaries), coastal waters (to one nautical mile) and groundwater. The overall aim is for the "water bodies" and "protected areas" within each River Basin District to achieve good ecological status by 2015. Reduction of diffuse water pollution from agriculture is key to meeting WFD targets in many catchments.
Reference level  GAECs covering soil protection, and no spread zones, as well as SMRs covering groundwater and nitrate vulnerable zones (SMRs2 and 4), all under cross compliance. This includes a maximum of 170kg N/ha for livestock manure, although this is subject derogations, awarded on a country by country basis, to permit up to 250kg N/ha in certain conditions.
4) Water quantity/ availability
Environmental targets
No national targets. However, there is an EU target to promote the sustainable use of water and mitigate the effects of drought under the EC Water Framework Directive.
Reference level GAEC covering water abstraction under cross compliance. This links to farmer compliance with water abstraction licences in accordance with the CAP income support regulation of 2006.
5) Soil protection and quality
Environmental targets
No national targets. However, the EC Soil Thematic Strategy seeks to ensure the sustainable use of soils by preventing further degradation and restoring degraded soils.
Reference level  GAECs covering soil protection, stubble management, green manure crops, under grazing, as well as SMRs covering ground water, sewage sludge and nitrates (SMR 2,3 and 4), all under cross compliance.
6) Carbon storage
Environmental targets
No national targets. However, the EC Soil Thematic Strategy seeks to ensure the sustainable use of soils and the Kyoto Protocol seeks to protect soils as carbon stores.
Reference level
No national baseline (Current farming practices are equal to reference levels)
7) Greenhouse gas emissions Environmental targets
A conditional 40% reduction of greenhouse gas emissions from all sectors in 2030. For agriculture this means a reduction from approximately 17 MtCO2e in 2010 to 10 MtCO2e in 2030. The government is pursuing a voluntary approach, based on covenants with the sector. In the 2008 covenant "Schoon en Zuinig" (Clean and Efficient), the sector agreed upon a reduction target of 30% from 1990 to 2020.
Reference level
8) Air quality
Environmental targets
EC National Emission Ceiling Directive and Gothenburg Protocol set national target for ammonia. As of 2010, the EU ceiling for ammonia emissions amounts to 128 kton. The projected ammonia emission amounts to 118 kton in 2020 (bandwidth 102-138), 102 kton of which is emitted by agriculture. Between 2010 and 2020 the ammonia emission will decrease with about 10% (ECN, 2010).
Reference level
GAECs covering soil protection and burning, as well as SMRs covering sewage sludge and nitrate vulnerable zones (SMRs 3 and 4), all under cross compliance. Also Integrated Pollution Prevention and Control (IPPC) requirements for intensive industrial agricultural units (mainly pigs and poultry).
9) Resilience to flooding
Environmental targets
The EC Flood Directive seeks to reduce the probability of flooding and its potential consequences. National targets are set by the program water safety 21 st century. This program seeks to reduce the probability of flooding and its potential consequences.
Reference level
